Although neuropsychological dysfunction is commonly reported in patients with Parkinson's disease (PD), our understanding of the specific aspects of cognition affected in this disease has remained unclear. Recent studies, however, suggest that significant cognitive changes can occur in the absence of overt dementia. For example, nondemented PD patients are impaired on tests of memory (Beatty,
J V Filoteo et al
) and problem solving (Caltagirone, Carlesimo, Nocentini, & Vicari, 1989) . A recent focus of research in nondemented PD patients has been on attentional functions (Brown & Marsden, 1990 Filoteo et al., 1996) . Several studies have indicated that these patients are impaired on experimental measures of selective attention. For example, Sharpe (1992) found that PD patients were impaired on a dichotic listening task in which subjects had to focus their attention on one stimulus input and ignore another. PD patients are also impaired in performing a simple memory task when it is presented with distracting information, despite the fact that these patients are normal in performing the memory task in the absence of the distracters (Sharpe, 1990) . In a recent study, Maddox, Filoteo, Delis, and Salmon (1996) found that PD patients were impaired in making perceptual judgments about a simple visual stimulus, but only when this stimulus was presented with other, nonrelevant visual information. Taken together, these studies provide evidence that PD patients are impaired on tasks that require focused attention in the presence of irrelevant or distracting information
The findings that PD patients are impaired on experimental measures of attention are important from a theoretical standpoint in that they have helped to better clarify the nature of cognitive loss in these patients. The translation of these findings into the clinical neuropsychological assessment of PD patients, however, has been somewhat problematic. There are at least two reasons why this may be the case. First, most experimental measures of attention are not readily available to clinical neuropsychologists. Although many reaction time measures of attention have recently become available for clinical use, there is still a great need to utilize the more traditional attentional measures. Second, only a few studies have examined nonde:mented PD patients on clinical measures of attention. Therefore, the pattern of nondemented PD patients' spared and impaired performances on clinical measures of attention is currently not known, making it difficult to determine the utility of including attentional measures in the clinical evaluation of nondemented PD patients. A better understanding of this issue could lead to a more sensitive approach to evaluating the cognitive deficits in PD patients who are not showing overt signs of dementia.
One approach to evaluating attention in patients with PD is to utilize cancellation tasks (e.g., Albert, 1973; C:iplan, 1985; Mesulam, 1988) . In most versions of such tasks, patients are presented with an array of forms and asked to cross out all of the forms that match a target. These tasks may be particularly useful in evaluating patients with PD because such tests require many of the cognitive operations thought to be impaired in PD, such as attention and psychomotor speed (Cummings & Huber, 1992; Dubois, Boiler, Pillon, & Agid, 1991; Lezak, 1995) . Cancellation tasks have enjoyed great popularity in the neuropsychological assessment of variou$ patient populations. For example, these tests are sensitive for identifying attentional deficits in patients with a variety of neurological disorders, including patients with right-hemisphere lesions (Albert, 1973; Heilman, Watson, & Valenstein, 1993 ), Alzheimer's disease (Della-Salla, Laiacona, Spinnler, & Chiara, 1992; Foldi, Rajendra, Donald, & Tanya, 1992) , and Tourette's syndrome (Channon, Flyn, & Robertson, 1992) . Moreover, past studies have indicated that patients with lesions confined to the basal ganglia can be impaired on cancellation tasks (Ferro, Kertesz, & Black, 1987) . As such, it might be expected that PD patients would be impaired on cancellation tasks given that the locus of neuropathology in this disease is within the basal ganglia.
Support for the utility of cancellation tasks in the neuropsychological evaluation of PD patients has come from previous work. For example, Villardita, Smimi, and Zappala (1983) administered a cancellation task to a group of nondemented PD patients with left, right, or bilateral motor involvement. The subjects in their study were presented with an array of lines and were asked to cross out each of the lines on the page. Their results indicated that PD patients with presumably greater right-hemisphere and bilateral-hemisphere involvement crossed out significantly fewer lines than either the PD patients with greater left-hemisphere involvement or normal control subjects. Other studies have also provided evidence that cancellation tasks can be used to detect neuropsychological deficits in patients with PD (Home, 1973; Talland & Schwz.b, 1964) .
This present study sought to expand on the previous work in this area by examining nondemented PD patients' attentional abilities using the Visual Search and Attention Test (VSAT; Trenerry, Crosson, DeBoe, & Leber, 1990) . In this test, subjects are presented with a visual array consisting of lette]s or symbols. In trials one and two of the VSAT, subjects are asked to rapidly search the array and cross out all of the items that are the same form as a target (single-feature search coalitions). In trials three and four, subjects are asked to rapidly cross out all of the items in the array that match the target in terms of both form and color (dual-feature search conditions). In the standard administration of the VSAT, subjects 'are given 60 seconds to cross out a$ many target items as they can, and their performances are scored on only the last two trials of the test. Normative data are provided according to the number of targets crossed out in 60 seconds on the left and right side of the array as well as the two sides combined.
To our knowledge, there have been no studies examining the reliability and validity of the VSAT, other than those studies provided in the manual. The VSAT manual reports a test-retest reliability coefficient of .95. The convergent validity of the VSAT as a measure of brain dysfunction was demonstrated by the finding that the VSAT scores from patients with brain damage of various etiolo;;ies tended to correlate strongly with their scores on other neuropsychological measures stnsitive to brain damage.
Although the standardized ackninistration of the VSAT can be useful in the identification of attentional deficits, we feel that this test yields much more information that can be useful in not only identifying attentional dysfunction, but also in determining the components of attention which may or may not be impaired. In assessing attentional functions clinically, we take an approach based on the notion that attention is composed of multiple components, any of which can be differentially impaired following brain damage. As such, we altered the administration and scoring of the VSAT in order to better measure the components of attentional functions in PD. First, we used all four trials of the VSAT in our analyses, rather than just the last two as indica:ed by the test manual. This allowed us to make important comparisons between the various conditions on the test (see below). Second, rather than allowing just 60 seconds, we recorded the amount of time it took subjects to complete the entire array on each trial. Third, we recorded and analyzed the number of errors the subjects committed while performing the test. In particular, we examined the number of omissions (i.e., the number of target items not crossed out by the subject) and the number of commissions (i.e., the number of nontarget items crossed out by the subject). These latter indices enabled us to conduct error analyses to further determine the nature of PD patients' impaired performances on cancellation tasks.
Previous studies have consistently demonstrated that patients with PD can be differentially impaired on tests that require them to attend selectively to a single stimulus component in the presence of distracting stimuli (Maddox et al., 1996; Sharpe, 1990 Sharpe, , 1992 . In contrast, these patients are often less impaired when they have to divide their attention between two stimulus attributes (Maddox et al., 19961 .Thus, these studies suggest that nondemented PD patients can be impaired in selective attention processes while divided attention processes may be relatively preserved. The use of the VSAT offered an opportunity to determine if this pattern of attention deficits could be identified in PD patients on a clinical neuropsychological measure of attention. Specifically y, the four conditions of the VSAT enabled us to examine PD patients' performances on attention tasks that require visual search based on either a single-feature search (i.e., form for trials one and two) or a dual-feature search (i.e., form and color for trials three and four). It was predicted that if PD patients are impaired in selective attention processes, that they should be differentially impaired in the conditions when they had to attend to only one stimulus feature as compared to the conditions when they had to attend to two stimulus features.
METHODS

Subjects
Twenty nondemented patients with idiopathic PD (15 male and 5 female) and 20 normal control subjects (11 male and 9 female) participated in this study. The PD patients were recruited from the Movement Disorders Clinic at the University of Utah Medical Center. The diagnosis of PD was made by a neurologist (J.W.R.) based on the presence of at least one of the three cardinal features of PD, which include rigidity, tremor, and bradykinesia. Patients had been diagnosed a mean of 7.25 years, with a range of 1 to 13 years. Using Hoehn and Yahr's motor impairment staging scale (Hoehn & Yahr, 1967) , 1 patient was rated as being in stage 1 of the disease, 13 in stage 2, and 6 in stage 3. All of the PD patients were taking some form of a dopatninergic agonist at the time of testing, and four of the patients were taking an anticholinergic in conjunction with their dopamine replacement therapy.
Patients with PD were excluded from the study if they had a history of stroke, head injury (loss of consciousness for more than 5 minutes), alcoholism (four or more drinks per day for more than 1 year), serious psychiatric illness (major affective disorder or schizophrenia), or any neurosurgical procedures. The normal control subjects were recruited from the community and their exclusicm criteria was the same as the PD patients. Normal controls were selected for inclusion in this study if their age and education levels were comparable to those of the PD patients. In:forrnation pertaining to inclusion and exclusion criteria for the PD patients and the controls was based on a health questionnaire and screening interview with the experimenter. Table 1 displays subjects' mean age, education, and scores on the Dementia Rating Scale (Mattis, 1988) . The PD and the normal controls did not differ in terms of age [t(38) = 1.53, p > .1O],education [t(38) = .99, p > .30], or gender ratio (X(1)= 1.75,p > .10]. In addition, the PD patients and the normal controls did not differ significantly in their scores on the DRS [t(18) = 1.27, p > .20], suggesting that, as a group, these PD patients were nondemented. 
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Materials
The VSAT (Trenerry et al., 1990 ) was administered to each subject. In each trial, subjects were presented with a 10 X 40 array of items (the nature of which depend on the trial) printed on an 11 1/2 X 8 in piece of white paper. Each array was 20 cm X 8 cm and each item in the array was approximately .5 cm in height. The items in the array in trial 1 consisted of black letters on a white background and the target was the letter "F," which was printed above the array. The items in the array in trial 2 consisted of black symbols and the target was the symbol "]." The items in the array in trial 3 consisted of letters that were printed in one of three colors (red, blue, or grem) and the target was a blue letter "H." The items in the array in trial 4 consisted of symbols that were printed in one of three colors (red, blue, or green) and the target was a blue symbol "/."
Procedure
The VSAT was administered m the standardized manner (Trenerry et al., 1990) with the exception that subjects were allcwed to complete the entire array for each trial rather than within a 60-second time limit (which is the standard administration procedure). The examiner recorded the subjects' completion time using a stop watch. Timing would start when the examiner indicated and would step when the subject crossed out the final item on the last row. No subject omitted the last targel in the array. Subjects' completion time was rounded to the nearest second.
The trials were always administered in order, one through four. The VSAT was given as a larger battery of neuropsychological tests and was typically administered approximately 1 hour into the testing session. Three indices were derived from each subjects' protocol: (a) the amount of time to complete the :rial (completion time), (b) the number of target items they failed to cross out (omission errclrs), and (c) the number of nontarget items they crossed out (commission errors).
RESULTS
Three separate analyses of variance (ANOVA) were run on subjects' completion times, omission errors, and commission errors. For each ANOVA, the between-group variable was Group (PD versus normal controls) and the within-group variables were Feature Number (single-feature search versus dual-feature search) and Form Type (letters versus symbols).
Completion Time
The mean of subjects' completion times for the four trials on the VSAT are presented in Table 2 . The ANOVA for this data revealed a significant main effect of Group [F'(1,38) = 5.37, p < .05] indicating that, averaged across the four trials, the PD patients were slower to complete the VSAT than the normal controls. There was also a main effect of Feature Number [F(1, 38) = 15.03, p : .001], which was due to slower completion times for subjects when they had to base their search on both form and color (i.e., dual-feature search conditions; trials three and four) than when their search was based only on form. The main effect for Form Type also achi~ved significance [F'(1,38) = 10.85, p < .01] indicating that subjects were slower in trials two and four (letter search trials) as compared to trials one and three (symbol search trials).
The most important finding from this analysis was an interaction between Group and Feature Number [F'('1, 38) = 5.36, p < .05]. Tests of simple main effects indicated that the PD patients were significantly slower than the normals in completing the trials when the visual search was based on a single-feature search [i.e., the average of completion times for trials one and two; t(38) = 3.33, p < .01]. In contrast, there was no difference between the PD patients and the normal controls when the visual search was based on a dual-feature search [i.e., the average completion times for trials three and four; t(38) = 1.33,P > .05]. This interaction is displayed in Figure 1 and indicates that the PD patients were differentially impaired for completion time when they had to rapidly search for a target based on only a single stimulus attribute (i.e., form), but that they were not impaired when they had to search for a target based o:rta combination of two attributes (i.e., form and color).
There was also a significant Feature Number by Form Type interaction IF(l, 38)= 74.16, p < .001]. Tests of simple main effects indicated that, averaged across groups, subjects' completion times for trials when the target was a letter (i.e., trials one and three) were not significantly different under single-feature versus dual-feature search conditions [t(38) = 1.49, p > .05], whereas their completion times for trials when the target was a symbol (i.e., trials two and four) were significantly lower under single-feature search as compared to dual-feature search conditions [t(38) = 7.12, p < .001]. These results indicate that subjects were much slower at completing the cancellation task when they had to conduct a two-feature search when a symbol was a target as compared to when a letter was a target. There was not a significant three-way interaction between Group, Feature Number or Form Type (p > .05).
Omission Errors
The mean of subjects' omission errors for the four trials are presented in Table 3 All of the significant main effects and interactions were qualified by a significant three-way interaction between Group, Feature Number, and Form Type IF(l, 38) = 5.38, p < .05]. In order to follow-up thi!; significant three-way interaction, separate ANOVAs were run for the PD and the normal coIltrols with Feature Number and Form Type as within-group variables. The ANOVA for the F'Dpatients indicated that there was not a significant main effect of Feature Number [F (I, l') omission errors committed by normal controls was influenced by both the nature of the target form and the number or stimulus attributes that must be attended to when searching for the target, whereas these factors did not significantly affect the number of omission errors committed by PD patients.
Commission Errors
The mean number of commission errors are presented in Table 4 . The ANOVA of these data indicated that the Group Factor was not significant [F(I, 38) = 2.47, p > .10] whereas there was a significant main effect for There was a significant interaction between Feature Number and Form Type IF(l, 38) = 23.06, p > .001]. Tests of simple effects indicated that, collapsed across the two groups, the number of commission errors committed by the subjects when searching for letters did not differ under single-feature search conditions as compared to dual-feature search conditions [t(39) = 0.0, p > .05]. In contrast, when subjects were searching for symbol targets, they committed significantl~rless commission errors under single search conditions as compared to dual-feature search conditions [t(39) = 4.58, p < .001]. Overall, the analyses of commission errors indicated that there was no difference between the PD patients and the normal controls in the number or pattern of these type of errors across the four conditions.
Inter-Correlations Betv)een VSAT Indices
In order to examine the uniqueness of the three VSAT indices in our PD sample and normal controls, Pearsm correlations were computed between subjects' completion time, number of omission errors, and number of commission errors collapsed across all four trials. As can be seen in Table 5 , there were no significant correlations between the three VSAT indices, suggesting that, at least in PD patients and these normal controls, these measures were evaluating different components of subjects' performances on the VSAT. 
Correlations Between VSAT Indices and Additional Neuropsychological Measures
One important issue that arises is the possible relationship between the various VSAT measures and other neuropsychol~gical measures. In order to examine such possible relationships, we computed Pearson correlations between PD patients' scores on the three VSAT indices (collapsed across the four trials) and their scores on the Dementia Rating Scale (Mattis, 1988) , the Grooved Pegboard (Mathews & Klove, 1964) , and the Wisconsin Card Sorting Test (Heaton, 1981) . Thes> measures were selected in order to examine the relationship between patients' performances on the VSAT and their global level of cognitive status (DRS), motor functioning (Grooved Pegboard Test), and executive functioning (Wisconsin Card Sorting Test). We also selec:ted these tests because they are commonly used clinical neuropsychological measures. The dependent measure for our correlational analyses on the DRS was patients' total score; on Ihe Grooved Pegboard Test it was total completion time for the right hand and the left hand; and on the Wisconsin Card Sorting Test it was the number of perseverative responses and the number of set-losses. These additional neuropsychological measures were administered to th,?PD patients in the standardized manner described in the respective test manuals and were given on the same day as the VSAT. Table 6 displays the Pearson correlations between the three VSAT indices and the indices from the DRS, the Grooved Pegboard Test, and the Wisconsin Card Sorting Test. There was a significant correlation betweer. PD patients' total scores on the DRS and their total completion time on the VSAT (p < .001), indicating that those patients with higher DRS scores tended to have lower com~letion times on the VSAT. In contrast, patients' total DRS scores were not significantly associated with their total number of VSAT omission and commission errors (both ps > .05). PD patients' right-hand performance on the Grooved Pegboard was associated with the number of omission errors they committed (p < .05), but was not associated with completion time or number of commission errors @ > .05 for the two correlations). This indicates that patients with greater right-sided motor impairment tended to omit more items on the VSAT. The patients' left-hand performance was not significantly associated with com~letion time, commission errors, or omission errors (p >.05 for the three correlations). There were no significant correlations between PD patients' number of perseverative responses on the Wisconsin Card Sorting test and any of the three VSAT indices ('p>.05 for the three correlations). However, patients' number of set losses was associated with their completion time and commission errors on the VSAT (p <.05 for both correlations). These significant correlations indicated that patients who had more set-losses tended to take longer LOcomplete the VSAT trials and made more commission errors. 
DISCUSSION
It is well known that patients with PD can demonstrate impairments in neuropsychological functioning; however, the nature of these deficits is not well understood. This is particularly true for PD patients who are not demonstrating overt signs of dementia. Previous studies, which have used experimental measures, have indicated that PD patients with normal cognitive status can demonstrate select deficits in attentional processes Maddox et al., 1996; Sharpe, 1990 Sharpe, , 1992 . Therefore, the identification of attentional deficits in nondemented PD patients can be used for detecting early signs of cognitive decline in these patients. One problem with this approach, however, is the lack of research conducted with PD patients on clinical measures of attention. The purpose of this present study was to contrast nondemented PD patients with normal controls on the VSAT, a clinical measure of speeded visual search and attention. In addition, we also examined the uniqueness of the indices derived from the VSAT by correlating these measures with one another and with measures of global cognitive status, motor speed, and executive functions.
The results of our study indicated that, in terms of completion time on the various trials of the VSAT, patients with PD were significantly slower than normal controls in the single-feature search conditions (i.e., when the search was based only on form), whereas the two groups did not differ in the dual-feature search conditions (i.e., when the search was based on both form and color). As can be seen in Figure 1 , it appeared that, in general, the PD patients' time to cDmplete the various trials was not affected by the addition of a second target feature. In contrast, the completion time of the normal controls was significantly affected by the inclusion of a second target feature. The results also indicated that the PD patients and the normal controls differed in the pattern of omission errors they made across the four trials of the VSAT. In general, the number of errors made by the normal controls appeared to be influenced by both the form of the target and the number of the target features, but this was not the case for the PD patients. Specifically, the normal controls tended to omit more targets when basing their search on color and form (as compared to just on form) when the target was a symbol, whereas no differences between single-feature and dual-feature search conditions emerged whe:l the target was a letter. In contrast, the number of targets omitted for the PD patients was not influenced by the nature of the target form or whether the search was based on one or two stimulus features.
In contrast to the findings on the completion time analyses and the omission errors analyses, there was not a significant difference between the PD patients and the normal controls in the number of nontarget items they crossed out when completing the VSAT (i.e., the number of commission errors). Both groups, however, tended to make more commission errors when searching for symbol targets under the dual-feature search condition. Overall, these results suggest that, relati~e to normals, nondemented PD patients demonstrate differential impairment on the VSAT in terms of completion time and omission errors, whereas they did not demonstrate abnormal performance in terms of commission errors.
Although the finding that PLIpatients are differentially impaired in terms of completion time on single-feature but not dual-feature visual search conditions is somewhat paradoxical, these results are consistent with the findings from previous studies that utilized experimental measures to examine attentional functions in these patients. For example, Maddox et al. (1996) administered a perceptual judgment task to a group of nondemented PD patients and normal controls. In this study, subjects were shown horizontal and vertical lines of various lengths and were asked to make perceptual decisions based on the lengths of these lines. In the selective attention condition, subjects were required to attend to only one line and base their perceptual decision on only the length of that line and to ignore the other line, whereas in the dimensional integration zondition, they had to attend to both lines and base their perceptual decision on the relt.tive length of those two lines. The results of that study indicated that the PD patients wt:re differentially impaired relative to normals in the selective attention condition, when they had to attend to only one stimulus feature, but were not impaired in the dimensional integration condition, when they had to attend to two stimulus features. Other studies have also indicated that PD patients are impaired on tasks of selective attention (Sharpe, 1990 (Sharpe, , 1992 . Thus, in general, it appears that PD patients may be more impaired on tasks that place a gleater emphasis on selective attention processes, and that the VSAT can be useful in detecting such impairment.
Correlational analyses indicated that the three VSAT indices were not significantly associated with one another. This finding suggests that. at least in nondemented PD patients and normal controls, these three measures evaluated unique components of the subjects' VSAT performances. This was also supported by the different pattern of relationships between the patients' scores on the three VSAT indices and their performances on the DRS, the Grooved Pegboard Test, and the Wisconsin Card Sorting Test. Specifically, it was found that the PD patients' total scoras on the DRS were negatively associated with their total completion time on the VSAT. rhat is, those PD patients who achieved lower scores on a measure of global cognitive status tended to take longer to complete the trials of the VSAT. PD patients' total scores on th~DRS, however, were not associated with the number of omission or commission errors. In terms of motor dysfunction, the only significant association between PD patients' scores on the Grooved Pegboard Test and their VSAT performance was between their right-hand performance and their total number of omission errors. There were no significant correlations between right-hand performance and completion time or commission errors. Similar:{, there were no significant associations between patients' left-hand performance on the Grooved Pegboard Test and the three VSAT indices. Patients' total number of perseverative errors on the Wisconsin Card Sorting Test did not correlate significantly with the three VSAT indices; however, the total number of their set-losses was significantly correlated with their completion time and commission errors. This pattern of differential correlations betweer the three VSAT indices and the additional neuropsycholog-ical measures provides evidence that these three VSAT indices are evaluating different components of attenti.onal performance.
In addition to demonstrating the uniqueness of the three VSAT measures, the pattern of correlations between PD patients' performances on the VSAT and the additional neuropsychological measures also offers some clues as to the possible components of cognition involved in their VSAT performance. For example, the finding that only patients' omission errors were correlated with right-handed motor impairment suggests that left-hemisphere dysfunction may be more associated with a propensity to omit target items, whereas left-hemisphere dysfunction is not associated with psychomotor speed or commission errors. In contrast, however, Villardita et al. (1983) found that PD patients with greater left-sided motor deficits (sugge;~tinggreater right-hemisphere dysfunction) tended to omit more items in their cancellation task, a finding in contrast to the results of our correlation analyses. Although it is difficult to determine the exact cause of these discrepant findings at this time, there are at least three possible explanations. First, the cancellation task used in this present study was a timed test in that subjects were told to respond as quickly as possible, whereas in the Villardita et al, (1983) study there were no time impositions and their subjects were allowed to take as long as necessary to complete the task. It may be that the time requirements in our study placed a greater emphasis on left-hemisphere functions. Second, the visual targets in this study were letters and symbols, whereas the targets in the Villardita et al. (1983) study were lines. The use of letters and symbols may also place a greater emphasis on left-hemisphere functions. Finally, the VSAT requires subjects to attend selectively to targets in the presence of distracting information. In contrast, the cancellation task in the Villardita et al. (1983) only consisted of target items and no distracters. It is possible that these task differences also lead to the discrepancies between our findings and those of Villardita et al. (1983) . Obviously, more research is needed to delineate further the differential attentional impairments of PD patients experiencing literalized motor dysfunction, especially in light of' the controversy in the literature pertaining to cognitive deficits in unilateral PD (e.g., Starkstein, Leiguarda, Gershanik, & Berthier, 1987; Tomer, Levin, & Weiner, 1993) . Furtlmrrnore, the suggestion that left-hemisphere dysfunction is associated with omission errors should be considered tentative, given that left-hemisphere dysfunction was determined based solely on a single measure (i.e., Grooved Pegboard performance).
The significant correlation between the number of set losses on the Wisconsin Card Sorting Test and the number of commission errors on the VSAT suggests that a deficit in a common underlying cognitive process may underlie their performances on these indices. Set losses on the Wisconsin Card Sorting Test are believed to be a measure of the ability to maintain an appropriate response set (Heaton, 1981; Lezak, 1995) , and a high score on this index indicates an impairment in maintaining such a set. It may be that the commission errors made on the VSAT by the PD patients is also related to an impairment in maintaining set in that these patients we:reunable to maintain the focus of their attention on the target stimulus. Therefore, a common. underlying mechanism for set losses on the Wisconsin Card Sorting Test and commission errors on the VSAT may be an impairment in the maintenance of a response set. This finding is also interesting in light of Mirsky's model of attention (Mirsky, Anthony, Duncan, Ahearn, & Kellam, 1991) . Using factor analytic techniques with various patient populations, Mirsky and colleagues found that subjects' total number of errors on the Wisconsin Card Sorting Test tended not to be associated with measures of commission errors on a continuous performance test. This finding is similar to our finding that the number of PD patients' perseverative errors on the Wisconsin Card Sorting Test were not associated with their commission errors on the VSAT. In contrast, our finding that PD patients' number of set losses on the Wisconsin Card Sorting Test were associated with the number of their commission errors suggests that set loss performance on the Wisconsin Card Sorting Test may be associated with a differeld component of attention; perhaps the vigilance component, which has been proposed by Mirsky et al. (1991) .
Although this study demonstrates the potential utility of the VSAT in evaluating neuropsychological deficits in nondemt nted PD patients, a few cautionary points need to be made. First, because this study was conducted with nondemented PD patients, the results may not generalize to all PD patients, especially those who are experiencing global cognitive deterioration. Second, additional sttldies must be conducted to further validate the use of an expanded administration and scoring of the VSAT in other neurological patients. Third, normative data will also have to be provided for these VSAT indices if they are to be useful in clinical practice. Fourth, the rl;sults of this study should not be taken as an indication that the VSAT is a reliable and valid instrument (particularly given the fairly small sample size used in this study). Clearly, more research needs to be conducted in order to determine the reliability of this test and its validity in evaluating specific components of attention.
With these cautionary points in mind, however, our results indicate that the VSAT is a sensitive neuropsychological instrument for detecting the cognitive deficits associated with PD. Furthermore, our results stq;gest that the utilization of an expanded administration and scoring approach to the VSAT ci~be helpful in detecting deficits in specific components of attention in PD patients. Thus, it appears that patterns of attentional deficits observed in PD patients using experimental measures can indeed be identified using an appropriate clinical measure of attention.
